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Ya. G. Siver, B, N. Eabador
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[Elgures ar. apponded .7

V. G. Ievich f_l—/' resently geve & genoral quastitstive tnoory of thi traca-
fer of a substance in a mixed molution whioh has great importance in the theory
of consentration polarizaticn. In the practiocal and important case of a
rotating dimo eloctrods of sufficlent dimension, the theory permits one to Iind
an sxact soluton of the diffusivn squations for the isminar motion of a liquid.

According %o levich's theory, the layer of the golatlor arcund the elec-
trods, in which the fundamental variation in coticentration ocours {ths so-
called diffusional layer), is situated within the layer with delayed movement
(Prandtl's boundary laysr). The concentration of the solution fn the diffuaicn
lager variss linearly with lnoreasing dletances from the surface in the Tirst
approxiwetion. Thua, the exact theury for the magnitude of the maximum current
1éads to 2 relation close to that which arises from Nerost's qualitative theory:

1L_7;-_F°D%-,

- where 1, 1s the magnitude of the maximum ourrent; S ls the thickness of the
diffueton layer; D is the coefficlent of diffusion; ¢ ie the concentration of
the eolution; F 1s Faraday's numbex; and n 1s the number of slectrons partici-
pating in the reaction. But, as opposed to Nernst's theory, Levich's theory -
permiss one to caloulato the magnitude of § theoretically. Furthermore, the
Iitter appears dependont not only on the motion, but also on the coefficient
of di?fusion. For the elsctrolyte Az Bz, in the case of a disc eleutrods,
the theory glvas ths followlng expression for the maximum deneity of the current:

iL_

_(:,-%—z.)nFD,c (_6._,) A
22/}g2{£i2¢ v ? (1)
v
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whers 2] &0d zo are the valences of the catlon and arlon; w is the angulary
¢olacity of rotatlon equal to 2mm, where m is the number of revolut i )
second; D is the kinematic viscosity of.the liguid; the magnitude ¢ 18 ex
preseed in moles of cacion A per’ cm?: ‘D.—‘=(z,-+::a) O: D, 18 the effective .
LT LT Fa s

soefficteny of d1ffueicn of the slectrolyte; D is the cvefficlent of o
diffusion of the reacting 18n; &nd D, 16 the codfficleat of diffusiop of the -
sscond fog. . A

An even simpler expreusion for tné nagnitude of the maximam current is-
sbtained in the following case: wihen:the lon, whose diffuslion determlines the .
megaitude of the mAximim: cirrent, Is.in ‘golution witk a large surplus of o
similor lons, sufficlent (for the gives mobility of ions) enough to dlsregard
the effect of the electrical field on the movement of ioue limiting the apend . X
of the process. For this case C AU ' ,“‘

L=0 61 TnFD S0 Pl j _
AT (2y L %

This some expresgioh; evidently, is-also velld for the case of the diffusion k N
sf néutrel partizlea. . R s ) Sl )
Thue it follows from Levich's theory thatithe diffusion layer on & dis¢ e o
slectrode has. the gzme tiicknsaa over  the entire surface’ . : Tl ‘
‘ N N Y IR R T
o I’,b D L PHed, . 8 . ) . S (5)

ag I~vich dsmonstrated, the materlal in the literaturs qualitative.y
confirms this vheory well; for quantitative comvarison, however, ne found no
data on experimeu:s carrled out under conditlone corrsspcnding to those of the
theoretical calculstion. .a later works we also found no corresponiing data.
I’n_}mrtlc-:lar, it prowed impomsible to verify the theory by Van Wema's data
[3/, whereln is measured the speed of dlssolution of a cadmium diwe in &
solition of iodins in KI. The disc in his experimesats wa3 fixed oun the blads- .
of an agitator, which does not conform to the hydrodynamic conditions of .
levich's conclusion. 3

KOTE: The conclusion made by Mel'vin - Eh'yuz [§7 thut the vesuits of

these experiments generally contradict the diffusion theory was founded i
on a misunderstaniing: the celeoulation of the magnitude of & made by 32
him »n the basls cf Fna Name's Gatz sontalne & mistake, obtained as the :
result of the erroneous conversion of the volume expreesed in cm into

1itera. Actually, 9% 1s equal to 2.3 . 10 =3 om and not 1 cm.)

Therefore it seemed expedient Lo conduct special exper!ments for the
quantitative verification of the theory. The veritfication was caurried out
according to tne diffusion of dlgsolved oxygen tovard the electrode, on which s
the reaction of the cathodlc reduction of oxygen was vaking place in weak 1580, g
golations. A copper amalgam and a silver eiectrode were uased as cathodes. The
copper cathode was in the shape of a cons, vhose base (which vas the supporting
surface) was 4.9 cm? in arsa and whose hetght was 1.5 om. The entire lateral
surface of the cone and the shaft to whlca the cone was fastened were covered
by a glass funnel greond down to fit the cone. For sealing tne gap, the
sleeve was smeared with paraffin for eome dletance from the.edge.

The silver cathode was made ln the form of a disc 2.3 sm in dlameter, with
a steel shaft 0.3 ~m ln dimmeter soldered to 1t. The upper part of the disc and
the shaft were insulated with a glyptal lac. After pollshlag, the magnitude of
vibration of the electrode was contrrlled by an indicator; tae amplitude of
vibration dld not exceed 0.0k mm.

-2 -
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An'anode in the form of & ‘large ring of_platihun vire was placed i

horizontal plane passing througan the surface of the electrods. The ve

a volume of 1 liter. The number of revolutions of the electrode conld yary
from 0.5 to 60 rev/sec. : L '

1. The Amslgamated Elsctrode

As is known from works un polérograpby M, the first atage in the ,
reductlon of dlgsolved oxygsn on mercury -ie:the formation of hydrogen peragide. .-
This reaction was aldo uded by us. The mexlmum current was determinsd for each

speed nf rotation with the ald of a polarizatlion corve. The eorresponding ct¥vres
are reproduced in Figure 1. AT : .

The measuzeénénta wers conducted in 0.05 N sulfuris ascid, saturated with
etmospheric oxygen. The magiitvde of attisspheric. pressure was taken into con-

sideratinn in calculating thé solubllity »f the ‘oxygen.. The solubillity of oxygen
at 760 mm wae assumed to equal 2.63 .- 10-7 M/en? ‘

Tha poteatisl was measured, by the c_ampen"sa':.ioﬁ method, mgalust a
mercury sulfate elect;rode‘ A x

. The ‘meaBucements wire made &f rosm tempsreturs (20+712¢). = An exact
obasrwat!on’of the scistancy of Limperature had o Jlmportance in our case, be-
sause ‘any:smdll fluctuation in temperature and hence. corresponding fluctuat! ons

in the coefficlents 6P :d{fPusion and visctaity were compensated ‘hy ‘correspond ing
fluctuatlone in oxygen's solublllity.’ o

Oxygen's cosfficient of diftusion in a 0.05 ¥ H530), solution at 2noC 3

wvas asrumed to equal 1.98 - 10-9 cme/aec., The viasoalty of the solutlon was
agsunad to equal 10-2 cm?/sec.

The beginning of any new process or behavi.r at the electrode (for
example, tae reduction of oxygen to water or the liberaticn of hydrogen) pro-
duced in the region near maximum current a cartain deviation in the polarization
curve from a strictly vertical rise; in cocnection vith this, the magnitude of
the mazimum current vas assumed by us to egual the current corresponding to
the point of discontinuity in the polarization curve. 'the validity of this
situation vas ~erified by the insertion of a oorrzation intp the second electrode

process, caloulated by extrapoiating the curve of nigh voltage values to small
currany Qensitiea.

Figure 2 shows the magnitudes of marimum current, determined by such (N
8 method, as a function of the square ruot of the number of rotations (m), wkich
e goxpared with the correspond!ne values .alopiated with the ald cf equatiasn
(2) {straight line). v

hs is evident from the diagram, the values of meximum currents found
experimentally differ from the calculated ones by not more than 3%, which does
aot exceed the iotal error of ths constants used in the calculaiions. The ouly
exception 1s the smalleat current density (cor:eepqnding tc ths rotation apesd
of 0.5 rev/sec), which difrers from the theoretical value uy a souewhat greater
magnitude (about 5%). It ie evident that the slectrode in ths given case .is
already governed by the conditlona in which Ievich's theory i1s inapplicable.
In the first piace, with such small Reyuolds' numbers the thickness of Prandtl's
boundary layer becomes commensurszble with the dimensicns of the disc; and in

the eacond place, natural convection way reach a magnitude of the same order
as forced coavection.

Figure 2 alao shows that the experimental dats colnclde with the
theoretical caloulated data for rotation epeeds of the electruvde equal to
ko rev/aeo, vwhich corresponds to Reynolde! number Re = §,000. This 1s
apparently explelined by the fact that delay ia the beginning of turbulence
ls characteristic for discs.
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2. The Silver Electrode R ‘ 3

The reaction of oxygen reduction &t thls electrode vas affecied In’
0.0L N HoS0y- } L

Our expsriments demongtrated: that the magnitude of the AT izun 9%##,,
depends oo the surface conditona of ‘the silver electrods. If the polavization .
curve is recorded quickly and ié not. drawn for laige nsgative potestials ov £f,
before each change. the current ia isterrupted for the oxidation of silver with
oxygen, maximum current velies are ohtaiued.  These valuss, correct to 46, equal
thoge caloulated, ln the assumption that.two electrons participate in the re- ‘
seticn; that is, hydrogen peroxide 1 formed; with the reduction of oxygen (small
3ireles beside the theoretlical curve in Figure 3). This assumption wes conflivmed
after electrolysls ty the analytical determinaticn of hydrogen peroxide iu the
solution. ' R

If the electrods is subjscted, betore the changes to protracted
oathodic polarization with high negetive potential, then maximum ourrent val:es [
are’ obtained whith'sre one and’one-half times as great as the values cited abore. 2 S
Theseé values lndlcate that on a partialiy reduced surface of silver approxi- . . ]
mately one-hALf ‘of the oxygen 1s reduced vo:hydrogen peroxide and one-half to L
vatar. T ’ s ' :

Experinents were also conduotel su-an cxidized silver electrn~ with
both &ides of tne digc murface free sf *ha lnsulating lac film (nnly the. gheft
of the disc remained insuiated). "In this case, a rather significant discrepancy
was obtained (about i5%) between the expsrimental data and the caloulatsd
theoretioal date, taking into consideration the magnitvrde of total disc surface
(both sides). This discrepancy 1s related to the presence of ths shaft, which
cheir;58 the hydrodynamics of the upper plane, and also to the presence of the
uncoverel lateral cylindrical asurface of the disc.

Concluaions

1. The max!mum current values during the cathodic reduction of dissolved
ciygen to hydrogea peroxide were measursd, in dependence upon the speai of
rotation of a dZsc slectrode in tne interval of 0.5 to Uy rev/sec.

The experimental data obtained, within the limits of acuuracy of the
constants, ooluclds with the results of the thesoretlcal cAlculatlon wade on the
basie of the theory of diffusion tn a mixed ligquid, ae developed by V. lavich.

2. On an oxidized surface of silver, ocxygen is found quantitatively to
reduce to hydrogen peroxide; on a partielly reduced surface of silver, hydrogen
porczids and water are formed simultanenusly. )

i

The e:ueors express thanks to A. N. Frumkin tor suggeating thr t23lc, <
and to V. G. Isvich for valuable advine in digcussing the resulte
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